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ABSTRACT 


A system for transmitting, over an optical transmission path 
using an optical fiber, wavelength-multiplex signals of a 
plurality of channels to which different wavelengths are 
assigned, the system comprising an optical transmission 
terminal station for transmitting the wavelength-multiplex 
signals to the optical transmission path, an optical reception 
terminal station for receiving the wavelength-multiplex sig- 
nals from the optical transmission path, and at least one of 
AD D/Drop- Multiplexer nodes each including al least a 
demultiplexer unit for demultiplexing a plurality of channels 
to a channel in accordance with a given wavelength and a 
multiplexer unit for multiplexing a plurality of channels in 
accordance with a given wavelength, wherein optical pulses 
having pulse waveforms with an equal full-width at half- 
maximum are applied to the optical signals. 

16 Claims, 13 Drawing Sheets 
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OPTICAL TRANSMISSION SYSTEM AND 
METHOD USING WAVELENGTH DIVISION 
MULTIPLEX 

BACKGROUND OF THE INVENTION 

The present invention relates to an optical transmission 
system and method using wavelength division multiplex. 

There is an optical system wherein information is digi- 
tized and optically modulated on a transmission side and 
transmitted through an optical fiber serving as a transmission 
path, and an optical signal transmitted through the optical 
fiber is converted to an electric signal and restored to the 
digital signal on a reception side, thus reproducing the 
original information. This system is one of communication 
systems capable of providing a wide band, achieving high- 
speed transmission, and transmitting large-volume informa- 
tion with high quality. Such an optical transmission system 
has been researched and developed more and more with 
•development of optical fiber amplifiers, and special attention 
has been paid to the system as a large-capacity transmission 
system for a future multimedia information age, ^ 

In optical communications, and in an optical fiber has a 
very wide fi-equency band, thereby a great number of 
communication channels can been provided by multiplexing 
optical signals with different carrier frequencies. This sys- 
tem is called wavelength division multiplex optical trans- 
mission. According to the wavelength division multiplex 
optical transmission, the transmission capacity of the entire 
system can be increased without increasing the transmission 
capacity for each channel, by multiplexing a plurality of 
channels in wavelength regions. In addition, the wide-band 
and large-capacity of optical fibers can be efficiently utilized 
in a wavelength division multiplex optical transmission 
system wherein a node having a function of drop- 
multiplexing a channel in a transmission path and a function 
of add-muliiplexing a channel in the transmission path is 
provided in the transmission path. 

An ADM node, which is a kind of the above-mentioned 
node, comprises a demultiplexer for demultiplexing a plu- 
rality of channels to a channel in accordance with a given 
wavelength, a multiplexer for multiplexing, a switch for 
drop -multiplexing a desire channel in the demultiplexed 
channels and add-mulliplexing a desire channel to the mul- 
tiplexed channels. As typical example, the multiplexer and 
demultiplexer include, respectively, input ports or output 
ports for at least several channels, thereby to multiplex/ 
demultiplex optical signals which are associated with dif- 
ferent channels and are obtained by modulating carrier 
optical signals having different wavelengths for the respec- 
tive channels. These ports have wavelength dependency and 
have wavelength/transmittance diaracteristics as shown in 
FIG. 2. Specifically, each port has such wavelength/ 
transmittance characteristics that the port transmits only 
wavelengths in a predetermined range with respect to a 
central frequency of the wavelength of a channel associated 
with the port. In addition, the wavelength/transmittance 
characteristics vary slightly from multiplexer/demultiplexer 
to multiplexer/demultiplexer. If the number of ADM nodes 
to be inserted in the transmission path increases, 
multiplexers/demultiplexers having different inherent 
wavelength/transmittance characteristics are connected and 
thus band-limit regions in all channels will increase and 
transmission bands will narrow. For example, if an 
M -number of ADM nodes are provided in the transmission 
path, it is considered that there are an optical transmission 
terminal multiplexer, a demultiplexer and a multiplexer in 
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each ADM node and an optical reception terminal demulti- 
plexer. In total, an "2M+2" multiplexers/demultiplexers 
having wavelength/transmittance characteristics are con- 
nected. In a case where wavelength/transmittance charac- 

5 terislics of each port of the multiplexer/demultiplexer are of 
a Gauss type with a half-maximum transmission band width 
Bf, the half-maximum transmission band width becomes 
B£/(2M+2)^^ after passage of signals through the "2M+2" 
multiplexers/demultiplexers. Thus, the transmission band 

10 width greatly decreases in accordance with the number of 
ADM nodes. This poses a serious problem in an optical 
transmission system using wavelength division multiplex 
and NRZ (Non-Return-to-Zero) pulses. Specifically, when 
digitized data is to be transmitted in the form of optical 

IS signals, the digital data is converted to pulse signals and, 
with use of the pulse signals, a continuotis carrier light of a 
predetermined wavelength is modulated. In this case, NRZ 
pulses are conventionally used as the pulse signals. The 
reason is that NRZ pulses have a less increase in optical 

20 spectrum band and are suitable for high-density wavelength 
division multiplex. 

However, when an NRZ-pulsc optical signal passes 
through a device having a narrow-band wavelength/ 
transmittance characteristics, if the carrier wavelength of the 

25 optical signal has a misalignment in wavelength relative to 
the transmission central wavelength of the device, the opti- 
cal spectrum becomes asymmetric and a large optical wave- 
form distortion occurs. 

Under the circumstances, in an optical transmission sys- 
tem using wavelength division mxdtiplex and NRZ-pulse 
optical signals and also having ADM nodes in a transmission 
passage, the transmission band is narrowed by the 
multiplexer/demultiplexer. Consequently, a large optical 
waveform distortion occurs due to a misalignment between 
the wavelength of a light source and the transmission central 
wavelength of the multiplexer/demultiplexer. 

As has been described above, in the conventional optical 
transmission system using wavelength division multiplex 
and NRZ-pulse optical signals suitable for high-density 
wavelength division multiplex, if ADM nodes are provided 
in the transmission path, the optical spectrum of the trans- 
mitted optical signal becomes asymmetric due to the mis- 
alignment between the wavelength of the light source on the 
optical transmitter side and the transmission central wave- 
length in the multiplexer/demultiplexer. 

It is considered that the optical waveform distortion 
increases due to such an asymmetric spectrum. In order to 
maintain high communication quality and prevent failure of 

50 communication, it is necessary,. therefore, to make the wave- 
length of the light source coincide with the transmission 
central wavelength of each multiplexer/demultiplexer. In 
order words, strict conditions must be satisfied for stability 
of wavelength/transmittance characteristics of the light 

55 source and multiplexer/demultiplexer. 

The conditions for stability of wavelength become stricter 
as the number of ADM nodes inserted in the transmission 
path increases. Thus, the number of ADM nodes to be 
inserted is limited in accordance with the degree of wave- 

60 length stability required in the communication system. 
However, it is technically difficult to make the wavelength 
of the light source for all channels coincide stably with the 
transmission central wavelength of the multiplexer/ 
demultiplexer and to maintain the state of coincidence, in 

65 consideration of the wavelength of the light source, a 
fluctuation in wavelength transmission characteristics of the 
multiplexer/demultiplexer due to ambient temperatures, 
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degradation with passing of time of the light source and length of continuous "1" data in the signal sequence, 

multiplexer/demultiplexer, etc. Accordingly, signal components are uniformly distributed 

Taking into account the development of information- firo™ a low region to a high region in the optical spectrum, 

oriented societies as well as development and wider iise of If balance of distribution between the low region and 
information-related devices, there will be an increasing 5 high region of the optical spectrum is lost, the pattern effect 

demand for communicalion systems having a great number occurs conspicuously and the optical waveform distortion 

of ADM nodes in a transmission path, which ADM nodes mcreases. 

have functions of adding (or branching) and dropping (or On the other hand, in the optical transmission system 
inserting) channels. Under the circtunstances, there is a using the wavelength division multiplex according to the 
demand for development of techniques which will make it JO present invention, the optical pulses, such as RZ pulses, 
possible to increase the number of ADM nodes, with less having pulse waveforms with an equal full-width at half- 
degradation due to temperatures or passage of time. Besides, maximum, are substituted for the NRZ pulses. The optical 
even in a case where there is no ADM node in the trans- pulses, such as RZ pulses, having pulse waveforms with an 
mission path, the optical waveform deteriorates if a wave- equal full-width at half-maximum, have the same shape, 
length misaligmnent occurs between the wavelength of the ^5 irrespective of the state of succession of "1" in the signal 
light source and the transmission central wavelength of an sequence. Although the RZ pulse has a broader optical 
optical filter with a nanow transmission band, which is spectrum distribution than the NRZ pulse, the optical spec- 
provided in the transmission path, or on the optical trans- trum concentrates at the carrier wavelength and the wave- 
mission terminal side or optical reception terminal side. Id length of the maximum modulation frequency. The optical 
particular, in a demultiplexer which is widely used for ^ pulses, such as RZ pulses, having puke waveforms with an 
high-density wavelength division multiplex, a plurality of equal full- width at half-maximum, have a broad spectrum 
channels arc densely arranged in a wavelength region. Tlius, distribution, as mentioned above. Thus, even if a wavelength 
the transmission band for each channel is not sufl&cienlly misalignment occurs between the wavelength of the light 
broader than the band of the optical signal. Moreover, it is source and the transmission central wavelength of the 
very difficult from a technical aspect to make the wavelength 25 multiplexer/demultiplexer and the optical spectrum distri- 
of the light source coincide with the transmission central bution becomes asymmetrical, an optical waveform distor- 
wavelength of the optical filter including the multiplexer/ lion does not occur so conspicuously as in the case of NRZ 
demultiplexer for all channels. pulse, unless the spectrum concentration at the carrier wave- 
A first object of the present invention is to provide an ^^ng^^ and the wavelength of the maximum modulation 
optical transmission system using wavelength division frequency is considerably reduced. Since all RZ pulses have 
multiplex, which can reduce an optical waveform distortion P^^^ shape, a pattern effect due to the signal 
due to a wavelength misalignment between the wavelength sequence does not appear conspicuously. Merely the pulse 
of a Ught source and the transmission central wavelength of width increases due to the limitation of the band. No great 
a multiplexer/demultiplexer, relax the conditions for stabil- waveform distortion occurs. 

ity of wavelength transmission characteristics for the light Additional objects and advantages of the invention will be 

source and multiplexer/demultiplexer, and increase the num- set forth in the description which follows, and in part will be 

ber of ADM nodes which can be inserted in the transmission obvious from the description, or may be learned by practice 

path, thereby enhancing reliability and stability. of the invention. The objects and advantages of the invention 

A second object of the present invenUon is to provide an "^^V ^^^^^ed and obtained by means of the instnimen- 

optical transmission system using wavelength division ^^^^^^^ combmations particularly pomted out m the 

multiplex, which can reduce an optical waveform distortion appended claims. 

due to a wavelength misalignment between the wavelength BRIEF DESCRIPTION OF THE SEVERAL 

of a Ught soiuce and the transmission central wavelength of VIEWS OF THE DRAWING 

an optical filter in a transmission path, and relax the condi- 

tions for stability of wavelength transmission characteristics Th^ accompanying drawmgs, which are incorporated m 
for the hght source and optical filter, thereby enhancing constitute a part of the specification, illustrate presenUy 

reliability and stability preferred embodunenls of the invention, and together with 

the general description given above and the detailed descrip- 

BRIEF SUMMARY OF THE INVENTION tion of the preferred embodiments give below, serve to 

. , . ^ , , r- explain the principles of the invention. 

As descnbed above, m the prior art, digital data of ^ . . „ . 

transmission information is converted to NRZ pulses, and a ^ schemaUcally shows the structure of a system 

carrier optical signal having a wavelength of an associated ^^o^drng to a first embodmient of the present mvention; 
channel is modulated by using the NRZ pulses. By contrast, 2 shows wavelength/transmittance characteristics of 

in the present invention, the carrier opUcal signal having a ss ^ multiplexer/demultiplexer; 

wavelength of an associated channel is modulated by using RGS. 3A and 3B show an eye pattern and an optical 

optical pulses, such as RZ pulses, having pulse waveforms spectrum distribution when a wavelength misalignment in 

with an equal full-width at half-maximum. an pulse used in the first embodiment is 0.0 nm; 

As compared to the RZ pulse, the NRZ pulse has a dense FIGS. 4A and 4B show an eye pattern and an opUcal 

opdcal ^ctrum distribution from the carrier wavelength to 60 spectrum distribuUon when a wavelength inisaHgnment in 

the wavelength of the maximum modulation frequency. Ihc RZ puke used in the first embodiment is 0.1 nm; 
Consequently, an asymmetric optical spectrum distribution FIGS. 5A and 5B show an eye pattern and an optical 

near the carrier wavelength due to the wavelength misalign- spectnmi disu-ibution when a wavelength misalignment in 

ment between the wavelength of the light source and the the RZ pulse used in the first embodiment is 0.16 nm; 
transmission central wavelength of the multiplexer/ 65 FIGS. 6A and 6B show an eye pattern and an optical 

demtiltiplexer will result in an optical waveform distortion. spectrum distribution when a wavelength misalignment in 

There are NRZ pulses of various widths, depending on the an NRZ pulse tised in a conventional system is 0.0 nm; 
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FIGS. 7A and 7B are views for a comparative description The optical transmission system according to the first 
of the present invention and show an eye pattern and an embodiment, as shown in FIG. 1, includes an optical trans- 
optical spectrum distribution when a wavelength misalign- mission terminal station 1 connected to a communication 
ment in the NRZ pulse used in the conventional system is 0.1 system 100, an optical fiber 5, ADM nodes 6-1 to 6-M, and 
nm; S an optical reception terminal station 7 connected to a com- 

FIG. 8 illustrates eye penalty characteristics in relation to munication system 200, The optical transmission terminal 
a wavelength misalignment when an RZ pulse and an NRZ station 1, which is transmission station equipment, com- 
pulse are used in first and second embodiments of the prises optical transmitters 2-1 to 2-N. a multiplexer 3, and an 
present invention; erbium-doped optical fiber amplifier 4. 

HG. 9 iUusUate eye penalty characteristics in relation to Iransmitters 2-1 to 2-N assodated with 

a wavelength misalignment when rectangular pulses with «sp«cfve channels convert mformaUon from the commu- 

different slope limes are used in the second embodiment of system 100 to opUcal signals having waveforms of 

the invention* pulses, which are typical examples of optical pulses 

\ . „ , , /. having pulse waveforms with the equal FWHM. The optical 

HG. 10 schematically shows the structure of a system (.^nsmitters 2-1 to 2.N associated with respective channels 

accordmg to a third embodmient of the invenuon; modnin^ carrier light, which is emitted from a continuous 

FIG, 11 shows an example of a rectangular RZ pulse used light (CW light) emission light source built in each optical 

in the third embodiment of the invention; transmitter and has a different wavelength according to the 

FIGS. 12A and 12B show eye patterns when a wavelength associated channel, by using the optical signals with RZ 

misalignment is 0.25 mn in the rectangular RZ pulse in the 20 pulse waveforms, and output modulated transmission optical 

third embodiment of the invention and in an NRZ pulse; signals. The multiplexer 3 multiplexes (superimposes) car- 

FIG. 13 shows an example of a hyperbolic secant type RZ rier optical signals from the optical transmitters 2-1 to 2-N 

pulse used in a fourth embodiment of the invention; and outputs the multiplexed optical signal. The erbium- 

HG, 14 shows aa example of eye penalty characteristics ^°P^^, ^P^^^ ^^^^ ^"^^l^^' ^ T^^lf multiplexed 
in relaUon to a wavelength misalignment in the hyperbolic " *^P^^^^ ^'^^ (wavelength mtiltiplexed optical signal) out- 
secant type RZ pulse used in the fourth embodiment of the P^^^^"^ the multiplexer 3 and outputs the amphfied signal 
invention, and in an NRZ pulse; to the optical fiber 5 

, , , ^ . . The optical fiber 5 is a transmission path for optical 

HGS. 15A and 15B show examples of transmission ^. ^^^^^^ ^^^^^ ^^^^ transmission termi- 

optical pulses encoded m a fifth embodmient of the mven- 3^ ^^^^^^ ^ ^^^^^ reception of. terminal station 7. 

The ADM nodes 6-1 to 6-M are relay stations with 

FIG, 16 schematically shows the structure of a system channel branching/inserting functions, which are provided, 

according to a sixth embodiment of the invention; as required, at intervening positions on the transmissioo path 

FIG. 17 illustrates eye penalty characteristics in relation of the optical fiber 5. Each of the ADM nodes 6-1 to 6-M 

to the number of ADM nodes in the sixth embodiment in 35 comprises erbium-doped optical fiber amplifiers 4, a demul- 

cases where there is dispersive compensation and there is no tiplexer 8 for demultiplexing the waveform multiplexed 

dispersive compensation in a reception terminal when an RZ optical signal, a cross-connector 10 and a multiplexer 3. The 

pulse and an NRZ pulse are used; erbium-doped optical fiber amplifiers 4 amplify and output 

FIG. 18 schematically shows the structure of a system the input optical signal. Each of the ADM nodes 6-1 to 6-M 

according to a seventh embodiment of the invention; and optical fiber amphfier 4 for the input stage and the 

FIG. 19 illustrates eye penalty characteristics in relation ^P^^^^ amphfier 4 for the output stage. TTie optical fiber 

to the number of ADM nodes in the seventh embodiment in ^P^^^f ^^i^P^l* ^ provided at the first stage 

cases where there is dispersive compensation and there is no ^^^^ ^ ^'^^ ^P^?^^ 

dispersive compensation in each ADM node when an RZ amplifier 4 for the output stage is provided at the final stage 

pulse is used thereof. The demultiplexer 8 demultiplexes the optical sig- 
nal (carrier optical signal) output from the input-stage 

DETAILED DESCRIPTION OF THE erbium-doped optical fiber amplifier 4 to optical signals for 

INVENTION the respective channels. The cross-connect 10 is a change- 

(First Embodiment) over switch having functions of branching, inserting and 

A first embodiment of the present invention aims at so changing optical signals. The optical signals (channels), 

reducing an optical wavelength distortion due to a wave- which are not branched in the ADM node, pass through the 

length misahgnment between the wavelength of a hght cross-connect 10 to the multiplexer 3. The multiplexer 3 

source and the transmission central wavelength of a multiplexes the optical signals (carrier optical signals) which 

multiplexer/demultiplexer. This embodiment relates to an have been branched, inserted or changed over and output 

optical transmission system using wavelength division mul- ss from the cross-connector 10, and outputs the multiplexed 

tiplex. In this system, conventionally used NRZ (Non- optical signal. The output-stage erbium-doped optical fiber 

Retura-to-Zero) pulses are replaced with optical pulses, such amplifier 4 amplifies the optical signal multiplexed by the 

as RZ (Retiun-to-Zero) pulses, having pulse waveforms multiplexer 3 and outputs the ampUfied optical signal, 

with an equal full-width at half-maximum (FWHM). The The optical reception terminal station 7 is a terminal 

optical pulses having pulse waveforms with an equal 60 receiving station and comprises an erbium-doped optical 

FWHM such as the RZ pulses have a greater allowance for fiber amplifier 4, a demultiplexer 8, and optical receivers 9-1 

a wavelength lag, than the NRZ pulses. Accordingly, the to 9-N associated with the respective channels. The optical 

conditions for stability of wavelength transmission charac- fiber amplifier 4 amplifies the optical signal transmitted 

teristics of a light source and a multiplexer/demultiplexer through the optical fiber 5 serving as the transmission path, 

can greatly be relaxed. Making use of this feature, the 65 The demultiplexer 8 demultiplexes the amplified optical 

above-mentioned problem of optical waveform distortion is signal into carrier optical signals. The optical receivers 9-1 

solved. to 9-N are provided for respective channels and receives the 
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carrier optical signals of the associated channels, which have 
been demultiplexed by the demultiplexer 8. The optical 
receivers 9-1 to 9-N demodulate the input optical signals to 
information signals. 

Each optical multiplexer 3 has input ports associated with 5 
the respective channels. Each optical multiplexer 3 multi- 
plexes the optical signals input to the input ports and outputs 
the multiplexed signal as a wavelength multiplexed optical 
signal. Each demultiplexer 8 has output ports associated 
with the respective channels. Each demultiplexer 8 demul- lO 
tiplexes the wavelength multiplexed optical signal input to 
the input termioal thereof into signals with different carrier 
wavelengths, and outputs the demultiplexed signals from the 
output ports of the associated channels. 

In the optical transmission terminal station 1 of the 15 
present system, transmission information to be transmitted 
through associated channels is converted to optical signals 
S-1 to S-N with RZ-pulse waveforms by the optical trans- 
mitters 2-1 to 2-N of the respective channels. The converted 
optical signals with RZ-pulse waveforms are transmitted by 20 
means of carrier optical waves having different wavelengths 
for the respective channels. For example, the optical trans- 
mission signal is obtained in the following manner. A 
continuous laser beam is generated from the light source, 
and the laser beam is intensely modulated by the optical 25 
signal of transmission information which is pulse-coded in 
the RZ (Retura-to-Zero) pulse shape. 

The optical transmission signals for the respective chan- 
nels (optical signals S-1 to S-N of the respective channels) 
are wavelength-multiplexed by the multiplexer 3 in the 30 
optical transmission terminal station 1. The multiplexed 
signal is amplified by the erbium-doped optical fiber ampH- 
fier 4 in the optical transmission terminal station 1, and the 
amplified signal is transmitted to the ADM nodes 6-A to 6-M 
and optical reception terminal station 7 through the optical 35 
fiber 5 serving as the transmission path. 

In the optical reception terminal station 7, the transmitted 
wavelength-multiplexed optical signal is amplified by the 
optical fiber amplifier 4 and demultiplexed by the demulti- 
plexer 8 into optical signals of individual wavelengths for 40 
the respective channels. These optical signals are received 
by the associated optical receivers 9-1 to 9-N and demodu- 
lated into information signals. 

Each of the ADM nodes 6-1 to 6-M provided midway 
along the optical fiber 5 or transmission path comprises 45 
optical fiber amplifiers 4 inserted on the input side and 
output side for the purpose of, in particular, optical loss 
compensation; a demultiplexer 8 for demultiplexing the 
wavelength-multiplexed optical signal into optical signals 
with different wavelengths for the respective channels; a 50 
cross-coimector 10 having functions of branching, inserting 
and changing the optical signals; and a multiplexer 3 for 
multiplexing the optical signals with different wavelengths 
of the respective channels. 

In the present system, the multiplexer/demultiplexer ss 
(multiplexer 3, demultiplexer 8) may comprise an array 
waveguide and a diffraction grating, or an array waveguide 
grating, since these elements have simple structures and can 
treat optical signals of various wavelengths. 

The ADM node is designed to have the functions of 60 
branching and inserting channels. Normally, in order to 
perform the branching and inserting of chatmels, the mul- 
tiplexer and demultiplexer are inserted, as a pair, in the ADM 
node. However, it is possible to demultiplex an optical signal 
into optical signals for respective channels by means of a 65 
multiplexer/demultiplexer, and to mtiltiplex the demulti- 
plexed optical signals by means of the same multiplexer/ 


demultiplexer. In this case, it should suffice to insert only 
one multiplexer/demultiplexer in the ADM node. If this 
ADM node is adopted, the manufacturing cost and the size 
of the system can be reduced. 

As has been stated above, various multiplexers/ 
demultiplexers arc available for various uses. In general, the 
wavelength/transmittance characteristics of ports of 
multiplexers/demultiplexers arc of Gauss type. Accordingly, 
the wavelength/transmittance characteristics of 
multiplexers/demultiplexers (multiplexer 3 and demulti- 
plexer 8) have wavelength/transmittance loss 
characteristics, as shown in FIG. 2. 

The optical waveform distortion due to the wavelength 
misaUgnment between the wavelength of the light source 
and the transmission central wavelength of the multiplexer/ 
demultiplexer in the optical transmission system using the 
wavelength division multiplex will now be shown by 
numerical calculations. In the present embodiment, suppose 
that the transmission speed of each channel is 10 Gb/s 
(gigabit/sec), nine ADM nodes are inserted in the transmis- 
sion path, and the full-width at half maximum (FWHM) of 
each port of the multiplexer/demultiplexer is 0.4 nm. 

In this description, crosstalk from adjacent channels and 
dispersive/non-Unear effect of optical fiber 5 or transmission 
path are ignored in order to show the influence of distortion 
upon the optical waveform due to the wavelength misalign- 
ment between the wavelength of the light source of the 
optical transmitter and the transmission central wavelength 
of the multiplexer/demultiplexer. 

The noise factor of natural emission optical noise in the 
optical fiber amplifier 4 is 6 dB, the optical receiver subjects 
the received optical signal to ideal square-law detection, and 
the detected optical signal is passed through an equivalent 
fiher of 3 dB cut-off frequency 75 GHz. 

In order to consider a worst case of the wavelength 
misalignment between the wavelength of the light source 
and the trarLsmission central wavelength of the multiplexer/ 
demultiplexer, it is supposed that the multiplexers/ 
demultiplexers have an equal transmission central wave- 
length >uADM, and a wavelength XLD is shifted from the 
transmission central wavelength XADM. 

FIGS. 3A and 3B show an eye pattern and an optical 
spectrum when an RZ pulse is received, in the case where a 
wavelength misalignment of the optical transmitter light 
source relative to the transmission central wavelength 
XADM is expressed by Ak (AX=XADM-KLD) and the 
wavelength misalignment AX is 0.0 nm. FIGS. 4A and 4B 
show an eye pattem and an optical spectrum when an RZ 
pulse is received, in the case where the wavelength mis- 
alignment AX is 0.1 nm. FIGS. 5 A and 5B show an eye 
pattem and an optical spectrum when an RZ pulse is 
received, in the case where the wavelength misalignment AX 
is 0.16 nm. The RZ pulses are of Gauss type and each have 
a full-width at half-maximum is 30 picoseconds (ps). 

For the purpose of comparison, FIGS. 6Aand 6B show an 
eye pattem and an optical spectnun when an NRZ pulse is 
received, in the case where the wavelength misalignmenl 
AX«XADM-XLX) is 0.0 nm, and FIGS. 7A and 7B show an 
eye pattem and an optical spectnun when an NRZ pulse is 
received, in the case where the wavelength misalignment AX 
is 0.1 nm. 

In the case of the NRZ pulse, when AX«0.0 nm (i.e. no 
wavelength lag), the eye pattern shown in FIG. 6A is broadly 
open, and the optical spectnmi shown in FIG. 6B is distrib- 
uted in a range of about ±8 GHz with respect to the central 
frequency. In addition, an intensity level is very low, except 
at a central frequency. When AX^.l nm, the eye pattern 
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shown in FIG. 7A is greatly narrowed, and the optica] 
spectrum shown in HG. 7B is distributed in a range of about 
6 GHz on the side with respect to the central frequency 
and in a range of about 26 GHz on the side with respect 
to the central frequency. In addition, an intensity level is S 
very low, except at a central frequency. 

It is understood from FIGS. 6A and 6B that in the case of 
the NRZ pulse» even when AX=0,0 nm (i.e. no wavelength 
lag), a signal component of a high region is cut off by the 
narrovmg of the transmission band because of the nine 10 
ADM nodes inserted in the transmission path, and thus the 
pattern effect occurs. 

It is understood from FIGS. 7A and 7B that when AX-0.1 
nm, a large optical waveform distortion occurs due to the 
asymmetry of optical spectrum distribution and pattern 15 
effect, and a serious problem arises. Although not shown, in 
the case of the NRZ pulse, when AX=0.1 nm, it was observed 
that the eye was completely closed and there was no 
feasibility. 

On the other hand, in the case of the RZ pulse, wheo 20 
AK«=0.0 nm (i.e. no wavelength lag), the eye pattern shown 
in FIG. 3 A is broadly open, and the optical spectrum shown 
in FIG. 33 is symmetrically distributed in a range of about 
+14 GHz with respect to the central frequency. In addition, 
an intensity level is very low, except at a central frequency. 25 

When AX-0.1 nm, the eye pattern shown in FIG. 4Ais 
broadly opened, and the optical spectrum shown in FIG. 4B 
is shifted in a range of about 6 GHz on the side with 
respect to the central frequency and in a range of about 22 
GHz on the side with respect to the central frequency. 30 
However, a fine symmetric distribution is unchanged. In 
addition, an intensity level is maximum at +10 GHz and is 
low at other points. 

When A>.=0.16 nm, the eye pattern shown in FIG. 5Ais 
still broadly opened. The optici specUimi as shown in FIG. 35 
5B is shifted almost completely to the "+" side. However, 
the optical spectrum, as a whole, has a distribution which is 
reversed from that obtained in the case of AX=0.1 nm, and 
a fine symmetric distribution is still obtained. An intensity 
level is maximum at +10 GHz and is low at other points. 40 

Specifically, in the case of the RZ pulse, as shown in 
FIGS. 3 A and 3B, even when AK=0.0 nm (i.e. no wavelength 
lag), a signal component of a high region is cut off, like the 
NRZ pulse, because the transmission band is narrow, and the 
pulse width increases. However, the pattern effect hardly 45 
occurs, and the eye opens broadly. It is understood from this 
that when the RZ pulse, as compared with the NRZ pulse, is 
adopted, signals of a narrower transmission band can be 
U-ansmitted and that a greater number of ADM nodes can be 
inserted in the transmission path. 50 

In the case of the RZ pulse, as is shown in FIGS. 4A, 4B, 
5 A and 5B, even when AX-0,1 nm and AX-0.16 nm, the eye 
pattern opens broadly. It is imderstood that the influence of 
the wavelength misalignment upon the optical waveform 
distortion is very small, as compared to the case of the NRZ 55 
pulse. 

The signal intensity P of the peak in the optical transmis- 
sion terminal station and erbium-doped optical fiber ampli- 
fier satisfies the condition of P<Ps. 

In this case, Ps=(0.776X^ Aeff D)/(;i^n2Cto^), wherein K is 60 
the wavelength, Aeff is the effective core are of the optical 
fiber of the optical traasmission path, D is the chromatic 
dispersive value of the optical fiber, n^ is the non-linear 
refractive index of the optical fiber, c is the velocity of light, 
and to is the full-width at half-maximum of the optical pulse. 65 

It follows from this that the RZ pulse, as compared to the , 
NRZ pulse, has a greater allowance for the wavelength 


misalignment and thus the conditions for stability of wave- 
length transmission characteristics of the light source and 
multiplexer/demultiplexer can be greatly relaxed. 

As has been described above, the optical transmission 
system using the wavelength division multiples according to 
the first embodiment comprises an optical transmission 
terminal station, an optical transmission terminal station and 
at least one ADM mode. The optical transmissioo terminal 
station is connected to the optical reception terminal station 
over an optical transmission path. In the optical transmission 
terminal station, transmission information for each channel 
is converted to a pulse signal. Wi\h use of the pulse signal 
representing the transmission information for each charmel, 
a carrier optical signal generated from a light source and 
having a ^edfic wavelength for each channel is modulated 
and multiplexed. The transmission terminal station outputs 
the obtained wavelength multiplexed optical signal. The 
optical reception terminal station receives the wavelength 
multiplexed optical signal, divides it into optical signals for 
the respective channels, and demodulates the optical signals. 
The ADM node is provided on the optical transmission path 
and includes a demultiplexer and a multiplexer. The demul- 
tiplexer demultiplexes the wavelength-multiplexed channel 
into channels having different wavelengths for branching/ 
inserting a given channel. The multiplexer multiplexes the 
channels having different wavelengths. This optical trans- 
mission system is characterized in that an RZ pulse is used 
as the pulse signal representing the transmission informa- 
tion. Since RZ pulses are used as signals of digital data or 
transmission information, the optical signal waveforms are 
transmitted in the form of RZ pulses. Thus, the optical 
waveform distortion due to a wavelength misalignment 
between the wavelength of the light source and the trans- 
mission central wavelength of the multiplexer/demultiplexer 
can be reduced, the conditions for stability of wavelength 
transmission characteristics for the light source and 
multiplexer/demultiplexer can be relaxed, and the number of 
ADM nodes which can be inserted in the transmission path 
can be increased. Thereby the reliability and stability of the 
system can be enhanced. 

As compared to the RZ pulse, the conventionally used 
NRZ pulse has a dense optical specUiim distribution from 
the carrier wavelength to the wavelength of the maximum 
modulation frequency. Consequently, an asymmetric optical 
spectrum distribution near the carrier wavelength due to the 
wavelength misalignment between the wavelength of the 
light source and the transmission central wavelength of the 
multiplexer/demultiplexer will result in an optical waveform 
distortion. The NRZ pulse has such a pulse waveform that 
the interval of unit codes is equal to the length of the pulse. 
The data waveform represents "0" in regions other than "1". 
When the NRZ pulse of this format is used, there are pulses 
of various widths, depending on the length of continuous "1" 
data in the signal sequence. Accordingly, signal components 
are uniformly distributed from a low region to a high region 
in the optical spectrum. If the balance of distribution 
between the low region and high region of the optical 
spectrum is lost, the pattern effect occurs conspicuously and 
the optical waveform distortion increases. 

By contrast, in the optical transmission system using the 
wavelength division multiplex according to the first 
embodiment, the RZ pulse is used. In the format of the RZ 
pulse, the level is changed by information bit "1" (or 
changed to a predetermined level each time the codes "1" 
and "0" appear) and immediately the changed level is 
restored to the original level. The RZ pukes have the same 
shape, irrespective of the state of succession of "1" in the 
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signal sequence. Although the RZ pulse has a broader optical 
spectrum distribution than the NRZ pulse, the optical spec- 
trum concentrates at the carrier wavelength and the wave- 
length of the maximum modulation frequency. 

The RZ pulse has a broad spectrum distribution, as 
mentioned above. Thus, even if a wavelength misalignment 
occurs between the wavelength of the light source and the 
transmission central wavelength of the multiplexer/ 
demultiplexer and the optical spectrum distribution becomes 
asymmetrical, an optical waveform distortion does not occur 
so conspicuously as in the case of NRZ pulse, unless the 
spectrum concentration at the carrier wavelength and the 
wavelength of the maximum modulation frequency is con- 
siderably reduced. Since all RZ pulses have the same pulse 
shape, a pattern effect due to the signal sequence does not 
appear conspicuously. Merely the pulse width increases due 
to the Umitation of the band. No great waveform distortion 
occurs. 

Therefore, with use of the RZ pulses for optical 
transmission, the present invention can provide an optical 
transmission system using wavelength division multiplex, 
wherein the optical waveform distortion due to the wave- 
length misalignment between the wavelength of the light 
source and the transmission central wavelength of the 
multiplexer/demultiplexer can be reduced, the conditions for 
stability of wavelength transmission characteristics for the 
light source and multiplexer/demultiplexer can be relaxed, 
and the number of ADM nodes which can be inserted in the 
transmission path can be increased, whereby the reliability 
and stability of the system are enhanced. 

The above embodiment relates to the technique for insert- 
ing a great number of ADM nodes in the transmission path, 
and this technique is achieved by the use of RZ pulses. 
However, mere use of RZ pulses cannot bring about a 
maximum advantage. The condition for bringing about the 
maximum advantage with use of the RZ pulses will now be 
considered. 

(Second Embodiment) 

A second embodiment of the present invention will now 
be described. An assumed transmission path model in the 
second embodiment is the same as that in the first embodi- 
ment. In the second embodiment, the above-mentioned 
object is achieved by devising the shape of the RZ pulse. 

FIG. 8 shows four shapes of RZ pulses: a Gauss-type 
wave-shape pulse with a fill-width at half-maximum of 30 
ps; a Gauss-type wave-shape pulse with a full-width at 
half-maximum of 20 p^ a square pulse with a duty ratio of 
50%; and a square pulse with a duty ratio of 30% (a rising 
and falling slope being 15%). Specifically, FIG. 8 shows eye 
penalties in relation to a wavelength misalignment 
between a wavelength XADM of a light source and a 
wavelength XLD of a multiplexer/demultiplexer. Since the 
band of the optical modulator for generating an optical 
signal is definite, a great deal of time is required at the rising 
and falling slopes of the square pulse, and a trapezoidal 
pulse is actually formed. 

In this embodiment, a rising and falling slope time is set 
at 15% of a time slot of one bit. The penally in this 
embodiment is a reception power penalty. Specifically, a 
minimum eye opening width obtained during a discrimina- 
tion time period corresponding to 20% of the width of the 
time slot of one bit and an average "1'7*0" level difference 
in the discrimination are expressed by the unit of decibel 
(dB). 

It is understood, as shown in FIG. 8, that in the case of the 
RZ pulse, an optical waveform degradation due to a wave- 
length misalignment is much less than that in the Gauss-type 


pulse and square pulse. In addition, since the optical spec- 
trum distribution in the Gauss-type pulses and square pubes 
having the same shape becomes broader as the pulse width 
is narrower, the eye penalty with respect to the wavelength 
S misalignment AX. In the prior art, square pulses with a duty 
ratio of 50% arc generally used, but the degradation due to 
wavelength misalignment decreases as the duty ratio is 
lower. 

The optical spectrum distribution of the square pulse is 

10 broader that that of the Gauss-type pulse, and thus the square 
pulse has a less eye penalty with respect to wavelength 
misalignment AX. 

FIG, 9 diows eye penalties relative to wavelength lags 
when the rising and falling slopes of the square pulses are 

15 20% and 5%. It is understood from FIG. 9 that the influence 
of the waveform distortion relative to the wavelength mis- 
alignment is less in the slope of 5% than in the slope of 20%. 
The reason is that the pulse having a shorter slope time and 
a nearly perfect square shape broadens the optical spectrum 

20 distribution of the optical signal. 

In other words, if an optical modulator for generating an 
optical signal, which has a broader band, is used, the 
influence of wavelength misalignment can be reduced in this 
case, too. Specifically, the square pulse having a duty ratio 

25 of less than 50% should preferably be used as the RZ pulse. 
As has been described above, the optical transmission 
system using wavelength division multiplex according to the 
second embodiment is characterized in that the square pulse 
is used as RZ pulse. The shapes of RZ pulses may generally 

30 be classified into "angled" and "square." The square pulse 
has a broader optical spectrum distribution than the angled- 
shape pulse represented by a Gauss-type pulse and a 
hyperbolic-type pulse. Accordingly, the influence of asym- 
metry of optical spectrum distribution due to a wavelength 

35 misalignment between the wavelength of the light source 
and the transmission central wavelength of the multiplexer/ 
demultiplexer is small, and the optical waveform distortion 
can be suppressed most effectively. 
The optical transmission system using wavelength divi- 

40 sion multiplex according to the second embodiment is also 
characterized in that the square pidse with a duty ratio of less 
than 50% is used as RZ pulse. 

The square pulse has a broader optical spectrum distri- 
bution as the duty ratio thereof is lower and the pulse width 

45 is smaller. Accordingly, as regards the square pulse, the 
lower the duty ratio, the smaller the influence of asymmetry 
of optical spectrum distribution due to a wavelength mis- 
alignment between the wavelength of the light source and 
the transmission central wavelength of the multiplexer/ 

50 demultiplexer and the less the optical waveform distortion. 
If the square pulse having a duty ratio of less than 50% 
and having, desirably, a perfect square shape is used as RZ 
pulse, the optical waveform distortion due to the wavelength 
misalignment between the wavelength of the light source 

55 and the transmission central wavelength of the optical filter 
on the transmission path can be reduced as much as possible, 
and high-quality communication can be achieved. 
Moreover, the conditions for stabiUty of wavelength trans- 
mission characteristics for the light source and multiplexer/ 

60 demultiplexer can be relaxed, whereby the reliabihty and 
stability of the system are enhanced. 

The above embodiment relates to the technique for insert- 
ing a large number of ADM nodes midway along the 
transmission path. However, there is a system in which no 

65 ADM node is used. Even in the case of the system wherein 
no ADM node is provided on the transmission path, an 
optica] wavefonm degradation will also occur due to a 
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wavelength misalignment between the wavelength of the 
light source and the transmission central wavelength of 
optical filters having a narrow transmission band, which are 
provided on the transmission path, or on the optical trans- 
mission terminal station side or optical reception terminal S 
station side. In particular, in (he case of a demultiplexer 
widely used for high-density wavelength multiplex, a plu- 
rality of channels are arranged in a wavelength region. 
Consequently, the transmission band for each channel is not 
sufficiently broader than the band of optical signals to be lO 
transmitted. In addition, it is technically difficult to make the 
wavelength of the hght source coincide with the transmis- 
sion central wavelength of the optical filter including the 
multiplexer/demultiplexer with reject to all channels. A 
third embodiment for overcoming these problems will now 15 
be described. According to the third embodiment, the optical 
waveform distortion due to the wavelength misalignment 
between the wavelength of the light source and the trans- 
mission central wavelength of the optical filter provided on 
the transmission path can be reduced, and the conditions for 20 
stability of wavelength transmission characteristics for the 
Ught source and optical filter can be relaxed, whereby the 
reliability and stability of the system are enhanced. 
(Third Embodiment) 

FIG. 10 shows a third embodiment of the present inven- 25 
tion. In the third embodiment, the ADM nodes 6-1 to 6-M 
provided on the transmission path in FIG. 1 are replaced 
with optical fiber amplifiers 4. The structure shown in FIG. 
10 is the same as that shown in FIG. 1 in the other respects, 
and a description of the common parts is omitted. 30 

In the optical transmission terminal station 1 shown in 
FIG. 10, the optical transmitters 2-1 to 2-N of the respective 
channels transmit optical signals S-1 to S-N, which are 
square-waveform RZ pulses as shown in FIG. 11, by means 
of carrier optical signals having different wavelengths for 35 
the respective channels. The optical signals S-1 to S-N of 
respective channels are wavelength-multiplexed by the mtU- 
tiplexer 3 having at respective ports a transmission band 
width narrower than the optical spectrum band of the optical 
signals S-1 to S-N. The multiplexed optical signal is passed 40 
through the optical fiber amplifier 4 within the optical and 
sent to the optical reception terminal station 7 over the 
optical fiber 5 or transmission path. The operation in the 
optical reception terminal station 7 in FIG. 10 is the same as 
that in the optical reception terminal station 7 in the first 45 
embodiment. 

In the third embodiment, it is supposed that the transmis- 
sion speed of each optical channel is 10 Gb/s and the 3 dB 
transmission band width of each port of the multiplexer 3 is 
0.25 nm. The wavelengths of optical signals S-1 to S-N are 50 
initially set in accordance with the transmission central 
wavelengths of the respective ports of the multiplexer 3. It 
is possible, however, that a wavelength misalignment of the 
optical signal relative to the transmission central wavelength 
of the input port of the multiplexer 3 in any one of the ss 
channels will occur due to a variation in ambient tempera- 
ture or a degradation with the passing of time of the 
multiplexer 3 and the light source within the optical trans- 
mitter 2-1, ... , 2-N (i.e. the light source for generating 
continuous light of a predetermined frequency of an asso- 60 
ciated channel), 

FIG. 12 A shows an eye pattern at the time the square RZ 
pulse according to the present invention has been made 
incident on the optical fiber in the case where there is a 
wavelength misafignment of 0.25 nm between the wave- 65 
length of the hght source and the transmission central 
wavelength of the multiplexer/demultiplexer in channel L 


(l^L^N). FIG. 12B shows an eye pattern for comparison 
at the time the NRZ pulse has been made incident on the 
optical fiber under the same condition. 

As shown in FIGS. 12A and 12B, an optical waveform 
degradation due to the wavelength misalignment is less in 
the case of RZ pulse than in the case of NRZ pulse. In a 
transmission system such as a wavelength multiplex optical 
transmission having a plurality of channels, it is considered 
that a wavelength misalignment between the wavelength of 
the light source and the transmission central wavelength of 
the multiplexer/demultiplexer occurs only in a specific chan- 
nel because of various factors, and the possibility of occur- 
rence of wavelength misalignment increases in proportion to 
the number of channels. 

Under the circumstances, strict conditions are required for 
the stability of wavelength characteristics of the light source 
and multiplexer/demultiplexer, and the yield of manufac- 
tured devices decreases, resulting in a higher cost By using 
the square-wave puise having a less optical waveform 
degradation with respect to the wavelength lag, the condi- 
tions for stability of wavelength transmission characteristics 
for the light source and optical filter can be relaxed. As a 
result, the productivity of the device is enhanced, and the 
transmission characteristics are stabilized. Thus, an optical 
transmission system using wavelength division multiplex, 
which can perform stable, high-quahty communication, can 
be provided at low cost. 

In the optical transmission system using wavelength divi- 
sion multiplex according to the third embodiment, if the 
system includes a narrow-band optical filter such as a 
multiplexer/demultiplexer, whose band is not so wide as the 
band of the optical signal transmitted through the transmis- 
sion path, the square-wave RZ pulse is used as a pulse signal 
of digital data to be transmitted. 

The square-wave RZ pulse, as compared to triangular 
pulses represented by NRZ puke and Gauss- wave pulse, has 
a broader optical spectrum distribution. Thus, even if a 
wavelength misalignment occurs between the wavelength of 
the light source and the transmission central wavelength of 
the narrow-band optical filter, the influence of asymmetry of 
the optical spectnmi distribution is smaU and the optical 
waveform distortion can be reduced. 

In the high-density wavelength multiplex optical commu- 
nication system wherein no ADM node is provided on the 
transmission path, the demultiplexer widely used, in 
particular, for high-density wavelength multiplex does not 
have a sufficiently broader transmission band for each chan- 
nel than the band of optical signals transmitted, since a 
plurality of channels are densely arranged in the wavelength 
region. It is technically difficult, therefore, to make the 
wavelength of the light source coincide with the transmis- 
sion central wavelength of the optical filter including the 
multiplexer/demultiplexer with respect to all channels. 
According to the present embodiment, however, even when 
a wavelength misalignment has occurred between the wave- 
length of the light source and the transmission central 
wavelength of the narrow-band optical filter, the influence 
due to asymmetry of the optical spectrum distribution can be 
reduced and the optical waveform distortion can be sup- 
pressed. Therefore, the conditions for stability of wave- 
length transmission characteristics for the light source and 
optical filter can be relaxed, whereby the reliability and 
stabihty of the system are enhanced. 

In the above embodiment, the square-wave RZ pulses are 
used as optical pulses having pulse waveforms of an equal 
full-width at half-maximum. In die case of hyperbolic secant 
type RZ pulses, which are examples of special RZ pulses, 
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although these are triangular pulses, even if a wavelength filter of the transmission path is being slid, in "The sliding- 

caisalignment has occurred under specific conditions frequency guiding filter: an improved form of soliton fitter 

between the wavelength of the Hght source and the trans- control". Opt. Lett, 17, pp. 1575-1577, 1992. The term 

mission central wavelength of the narrow-band optical filter, "soliton" refers to a wave propagating without energy 

the influence due to asymmetry of the optical spectrum $ dispersion, like a laser beam propagating through a 

distribution can be reduced and the optical waveform dis- waveguide without chromatic dispersion, 

tortion can be suppressed. Therefore, the conditions for This document includes a description to the effect that 

stabihty of wavelength transmission characteristics for the even if optical filters are discretely inserted in a transmission 

light source and optical filter can be relaxed, whereby the path at intervals sufficiently less than a dispersive distance 

reliability and stability of the system are enhanced. and the transmission central wavelength of the optical filters 

An example of this case will now be described as a fourth is shifted in proportion to the transmission distance, the 

embodiment of the present invention. sech-type pulse, which is a special case of the RZ pulse, may 

(Fourth Embodiment) have an intensity greater than the Ps which is the soliton 

A fourth embodiment of the present invention will now be condition, and the sech-type pulses can be reproduced 

described. In the case where a narrow-band optical filter successively by making use of a self -phase-modulation 

such as a multiplexer/demultiplexer, whose band is not so effect which is a non-linear characteristic of the optical fiber, 

wide as the band of the optical signal transmitted through the The optical transmission system using the wavelength 

optica! transmission path, is provided on the optical trans- division multiplex according to the fourth embodiment is 

mission path, it is better to use triangular waveform RZ characterized in that when transmission information for each 

pulses in a region where the peak power P is less than a Ps channel is converted to a pulse signal and a carrier optical 

(described later) and a self-phase-modulation effect due to a 20 signal having a specific wavelength for each channel, which 

non-linear effect of the optical fiber is ignorable, is generated from a light source, is modulated and multi- 

Specifically, in the case of triangular waveform RZ pulses, plexed by using the pulse signal representing the transmis- 

as compared to the NRZ pulses, the influence of asymmetry sion information of each channel, a triangular RZ pulse such 

of optical spectrum distribution is small when a wavelength as a sech-type pulse is used as the pulse signal. The optical 

misahgnment has occurred between the wavelength of the 25 transmission system using the wavelength division multi- 

hght source and the transmission central wavelength of the plex according to the fourth embodiment has been made, 

narrow-band optical filter. Because of this feature, the opti- with attention paid to the fact that when the transmission 

cal waveform dLstortion can be suppressed. path has a narrow-band band limit characteristic with a 

In this case, Ps=(0.776K^Aeff D)/(7t^n^ci6^) transmission central wavelength different from the wave- 

The present system is constructed such that the formula, 30 length of a light source for generating the carrier optical 

feig-fADM^AB/2, is satisfied, wherein fsig is the optical signal, the triangular-wave RZ pulse such as a sech-type 

frequency of a predetermined optical signal for a predeter- pulse or the square -wave RZ pulse, which does not meet the 

mined channel of the multiplexer/demultiplexer, fADM is soliton condition, is much less influenced by the optical 

the center frequency of transmission band for the optical waveform distortion, as compared to the NRZ pulse, 

signal of the multiplexer/demultiplexer, and AB (unit=Hz) is 35 According to the fourth embodiment, even when a wave- 

the 3 dB bandwidth of the transmission band of the trans- length misalignment has occurred between the transmission 

mission band. central wavelength of the narrow-band optical filter and the 

In this case, K is the wavelength, Aeff is the effective core wavelength of the light source, the influence due to asym- 

area are of the optical fiber of the optical transmission path, me try of optical spectrum distribution can be reduced and 

D is the chromatic dispersive value of the optical fiber, n^ is 40 the optical waveform distortion suppressed. Thus, the con- 

the non-linear refractive index of the optical fiber, c is the ditions for stabiUty of wavelength transmission characteris- 

opticalvelocity, andthetoisthe full-widthathalf-maximimi tics for the light source and optical filter can be relaxed, 

of the optical pulse (FWHM). whereby the rehability and stability of the system are 

The fourth embodiment will now be described in greater enhanced, 

detail. Suppose that the transmission path model used in the 45 The optical transmission system using the wavelength 

fourth embodiment is the same as that used in the third division multiplex according to the fourth embodiment has 

embodiment. In other words, the ADM nodes 6-1 to 6-M been made by making use of die following feature. In the 

provided on the transmission path in FIG. 1 are replaced case where a narrow-band optical filter such as a 

with optical fiber amplifiers 4, as shown in FIG. 10. It is multiplexer/demultiplexer, whose band is not so wide as the 

assumed that the transmission speed of each channel is 10 50 band of the optical signal transmitted through the optical 

Gb/s, and the waveform of the optical signal is that of the transmission path, is provided on the optical transmission 

sech-type RZ pulse with an FWHM of 20 ps. path, the triangular waveform RZ pulses are used. In the 

FIG. 14 shows eye penalties in the case where the 3 dB region where the peak power P is less than the aforemen- 

transmission band width of each input port of the tioned Ps and a seff-phase-modulation effect due to a non- 

muliiplexer/demultiplexer 3 is 0.25 nm and a wavelength 55 Unear effect of the optical fiber is ignorable, the triangular 

misalignment has occurred between the transmission central waveform RZ pulses, as compared to the NRZ pulses, are 

wavelength and the optical signal wavelength of the input less influenced by asymmetry of optical spectrum distribu- 

port of a certain channel of the multiplexer 3. FIG. 14 shows tion when a wavelength misalignment has occurred between 

eye penalties in the case of using sech-type RZ pulses and the wavelength of the light source and the transmission 

NRZ pulses. 60 central wavelength of the narrow-band optical filter. 

As seen from the characteristic curves in FIG. 14, the A fifth embodiment of the invention, in which, too, the 

sech-type RZ puLse, as compared to the NRZ pulse, has a influence of asymmetry of optical spectrum distribution, 

less optical waveform degradation relative to the wavelength when a wavelength misalignment has occurred between the 

misalignment and has a greater allowance for the wave- wavelength of the Ught source and the transmission central 

length lag. 65 wavelength of the nanow-band optical filter, can be reduced 

L. F. Mollenauer, et al. published soliton transmission in and the optical waveform distortion can be suppressed, will 

which the transmission central wavelength of the optical be described below. 
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(Fifth Embodiment) 

la the fifth embodiment, too, the same transmission path 
model as in the fourth embodiment is used. In the fifth 
embodiment, codes for using optical pulses with an equal 
FWHM for all optical signals to be transmitted are applied s 
to the optical transmitters 2-1 to 2-N of respective channels. 
In other words, codes for using, as pulse signals, optical 
pulses having an equal FWHM are applied. 

An example of such codes is a PPM (Pulse-Position- 
Modulation) code for transmitting a signal at a position of a lO 
transmission time slot of an optical pulse. A guard time is 
provided between slots, whereby optical pulses with an 
equal FWHM can be used irrespective of a signal sequence. 

Codes, as shown in FIGS. 15 A and 15B, may also be used. 
When a signal sequence varies, i.e. when "0" changes to "1" 15 
and vice versa, carrier optical signals are modulated by using 
optical pulses having an full-width at half-maximum 
(FWHM) corresponding to half the slot width, and the 
modidated signals arc transmitted. 

In the optical transmission system using the wavelength 20 
division multiplex to which the above codes are applied, 
even if a wavelength misalignment has occurred between the 
wavelength of the fight source and the transmission central 
wavelength of the multiplexer/demultiplexer, the optical 
pulses to be transmitted have the same shape. Thus, like the 25 
first to fourth embodiments, the pattern effect due to the 
signal sequence is much less than in the case of conventional 
NRZ pulse, and the optical waveform distortion alone can be 
suppressed. 

As has been described above, in the optical transmission 30 
system using the wavelength division multiplex according to 
the fifth embodiment, when the narrow-band optical filter 
such as a multiplexer/demultiplexer, whose band is not so 
wide as the band of the optical signal transmitted through the 
optical transmission path, is provided on the optical trans- 35 
mission path, codes for using optical pulses with an equal 
full- width at half-maximum (FWHM) (a distance between 
two points, corresponding to half the maximum value in a 
distribution curve having a single maximum value) for all 
optical signals to be transmitted are applied. When NRZ 4G 
pulses are used as optical signals to be transmitted, optical 
pulses with various FWHMs will occur due to the number of 
successive "1" values in the signal sequence. Consequendy, 
when a wavelength misalignment has occurred between the 
wavelength of the fight source and the transmission central 45 
wavelength of the narrow-band optical filter, the resultant 
pattern effect is great and the optical waveform distortion 
increases. 

However, in the encoded optical signal waveform accord- 
ing to the fifth embodiment, the optical pulses have the same 50 
shape irrespective of the signal sequence. Thus, the influ- 
ence due to pattern effect can be reduced and the waveform 
distortion can be suppressed. 
(Sixth Embodiment) 

A sixth embodiment of the invention will now be 55 
described. FIG. 16 shows the structure of the sixth embodi- 
ment. This structure is the same as that shown in FIG. 1, 
except for the reception terminal station 7. The description 
of FIG. 1 should be referred to with respect to the common 
parts. In FIG. 16, it is assumed that the optical fiber 5 60 
constituting the transmission path is an ordinary dispersive 
fiber having a group speed dispersion of +18 ps/nm/km, and 
that ADM nodes 6-1 to 6-M are inserted in the transmission 
path at intervals of 50 km. 

In this embodiment, a dispersion compensator 11 is 65 
inserted in front of the optical demultiplexer 8 within the 
reception terminal station 7 in order to compensate a dis- 


tortion of optical waveform due to group speed dispersion of 
optical fiber 5. The dispersion compensator 11 is, for 
example, a dispersive compensation fiber or a grating fiber. 

The optical signal transmission speed of each channel, 1 
to N, is 2.5 Gb/s, and the 3 dB transmission band width of 
each port of the multiplexer/demultiplexer is 0.4 nm. 

Suppose that a wavelength misalignment of 0,15 nm has 
occurred between the wavelength of the Ught source and the 
transmission central wavelength of the multiplexer/ 
demultiplexer in channel L (1 ^L^N). The number of ADM 
nodes inserted in the transmission path is M-7. The disper- 
sive compensator 11 inserted in the reception terminal 
station 7 has a dispersion of -7200 ps/nm in order to 
compensate a group speed dispersion +18 ps/nm/kmx(50x8) 
km which the transmitted optical signal undergoes through 
the optical fiber. 

FIG. 17 ^ows eye penalties in the case where the 
square -wave RZ pulse (duty ratio =50%; slope«15%) 
according to the present invention, as compared to the NRZ 
pulse, is used, with the number M of ADM nodes being 
plotted in the horizontal axis. 

It is understood, from the above descriptions of the first to 
fifth embodiments, that the RZ pulse, as compared to the 
NRZ pulse, has a less waveform distortion relative to the 
wavelength lag. However, when the transmission path is the 
ordinary dispersion fiber having a great group speed 
dispersion, the RZ pulse, which has a broader signal band 
than the NRZ pulse, imdergoes a greater influence of group 
speed dispersion of the optical fiber, as shown in FIG. 17. As 
the transmission distance increases, the waveform distortion 
increases. 

Even in a case, too, where the transmission path is a 
dispersive shift fiber having a low group speed dispersion, 
the group dispersion is accumulated as the transmission 
distance increases, which results in a great waveform dis- 
tortion. This cancels the merit that the RZ pulse, as com- 
pared to the NRZ pulse, has a less waveform distortion 
relative to the wavelength lag. 

According to the sixth embodiment of the invention, the 
dispersive compensator 11 having a group speed dispersion 
with a sign opposite to the sign of the group speed dispersion 
of the optical fiber 5 is inserted in the reception terminal 
station 7. Thus, even when a wavelength misalignment has 
occurred between the wavelength of the fight source and the 
transmission central wavelength of the multiplexer/ 
demultiplexer, the waveform distortion due to the accumu- 
lated group speed dispersion can be compensated. 

The dispersive compensation can bring about the merit of 
the RZ pidsc which has a less waveform distortion relative 
to the wavelength lag. 
(Seventh Embodiment) 

There are two methods of compensating group speed 
dispersion caused by the transmission path. In one method, 
as in the sixth embodiment, the group speed dispersion 
accumulated from the transmission terminal station is com- 
pensated at a time in the reception terminal station. In the 
other method, the group speed dispersion is separately 
compensated at respective ADM nodes, 

A seventh embodiment of the invention relates to a 
method of compensating a group speed dispersion which the 
optical signal undergoes through the optical fiber over a 
distance up to each of the ADM nodes. 

FIG. 18 shows the structure of the seventh embodiment. 
This structure is the same as that shown in FIG. 1, except for 
the ADM nodes 6-1 to 6-M and the reception terminal 
station 7. The description of FIG. 1 should be referred to 
with respect to the common parts. In the structure of FIG. 18, 
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like the structure in FIG. 16, it is assumed that the optical 
fiber 5 constituting the transmission path is an ordinary 
dispersive fiber having a group speed dispersion of +18 
ps/nm/km, and that ADM nodes 6-1 to 6-M arc inserted in 
the transmission p a th at intervals of 50 km. s 

Dispersion compensators 11 arc inserted in front of the o 
ptical demultiplexers 8 within ADM nodes 6-1 to 6-1^ and 
the reception terminal station 7 in order to compensate a 
distortion of optical waveform due to group speed dispersion 
of optical fiber 5. The optical signal transmission speed of lO 
each channel, 1 to N, is 25 Gb/s, and the 3 dB transmission 
band width of each port of the multiplexer-demultiplexer is 
0.4 nm. 

Suppose that a wavelength misalignment of 0.15 nm has 
occurred between the wavelength of the light source and the 15 
transmission central wavelength of the multiplexer/ 
demultiplexer in channel L(l ^L^N). The number of ADM 
nodes inserted in the transmission path is M=10. Each 
dispersive compensator U inserted in the ADM nodes 6-1 to 
6-M and reception te rminal station 7 has a dispersion of 20 
-900 ps/n m in order to compensate a group speed disper- 
sion +18 ps/nm/kmx50 km which the transmitted optical 
signal undergoes through the input-side optical fiber. 

FIG. 19 shows eye penalties in the case where dispersive 
compensation is made and is not made in the square-wave 25 
RZ pulse (duty ratio-50%; slope- 15%) according to the 
present invention, with the number M of ADM nodes being 
plotted in the horizontal axis, as compared to the case where 
a dispersive shift fiber (DSF) having a group speed disper- 
sion +0.4 ps/nm/km is used as the transmission path. 30 

As is imderslood from FIG. 19, even when a wavelength 
misalignment has occurred between the wavelength of the 
light source and the transmission central wavelength of the 
multiplexer/demultiplexer, dispersion is separately compen- 
sated in the respective ADM nodes 6-1 to 6-M and reception 35 
terminal station 7 and thus the optical signal can be trans- 
mitted through the transmission path or the ordinary disper- 
sive fiber 5 having a great group speed dispersion, with the 
same-level degradation due to the wavelength misalignment 
as the dispersive shift fiber. 40 

As has been described above, according to the present 
invention, in the optical transmission system using wave- 
length division multiplex and having ADM nodes in the 
transmission path, RZ pulses are used for transmission 
optical signals. Thereby, the optical waveform distortion due 45 
to the wavelength misalignment between the wavelength of 
the light source and the transmission central wavelength of 
the multiplexer/demultiplexer can be remarkably reduced. 
Accordingly, the conditions for stability of wavelength 
transmission characteristics for the light source and 50 
midtiplexer/demultiplexer can be relaxed. In addition, the 
optical waveform distortion due to the narrowing of trans- 
mission band in proportion to the number of inserted ADM 
nodes can be reduced. The number of ADM nodes to be 
inserted in the transmission path can be increased. 55 

In the high-density wavelength multiplex optical 
transmission, RZ pulses are used as transmission optical 
signals for the narrow-band optical filter provided in the 
transmission path. Alternatively codes for using optical 
pulses with an equal fiill -width at half-maximiun are 60 
applied. Thereby, the optical waveform distortion due to the 
wavelength misalignment between the wavelength of the 
light source and the transmission central wavelength of the 
multiplexer/demultiplexer can be remarkably reduced. 

The present invention can provide a flexible, large- 65 
capacity optical transmission system using wavelength divi- 
sion multiplex, wherein high reliability and stability is 


ensured with respect to a variation in the wavelength of a 
Hght sotirce and transmission wavelength characteristics of 
an optical filter such as a multiplexer/demultiplexer, and a 
large number of ADM nodes can be provided. With this 
system, an optical network matching with multimedia 
information-oriented societies can be easily realized. 

Additional advantages and modifications will readily 
occurs to those skilled in the art. Therefore, the invention in 
its broader aspects is not limited to the specific details and 
representative embodiments shown and described herein. 
Accordingly, various modifications may be made without 
departing from the spirit or scope of the general inventive 
concept as defined by the appended claims and their equiva- 
lents. 

I claim: 

1. A system for transmitting, over an optical transmission 
path using an optical fiber, wavelength-multiplex signals of 
a plurality of channels to which different wavelengths are 
assigned, the system comprising: 

an optical transmission terminal station for transmitting 
the wavelength-multiplex signals to the optical trans- 
mission path; 

an optical reception terminal station for receiving the 
wavelength-multiplex signals from the optical trans- 
mission path; and 

at least one of Add/Drop-Multiplexer nodes each includ- 
ing at least a demultiplexer unit for demultiplexing a 
plurahty of channels to a channel in accordance with a 
given wavelength and a multiplexer unit for multiplex- 
ing a plurahty of channels in accordance with a given 
wavelength; 

wherein optical pulses having pulse waveforms with an 
equal fiU-width at half-maximum are applied to the 
optical signals. 

2. The system according to claim 1, further comprising an 
erbium-doped fiber amplifier provided on the optical trans- 
mission path, 

wherein a signal intensity P (unit=W) of a peak in the 
outputs of the optical transmission terminal station and 
the erbium-doped optical fiber amplifier satisfies the 
condition of P<Ps, when Ps (unit=W)=(0.776X^ Aeff 
D)/(;i%cto2), 

wherein K (unit=m) is a wavelength, Aeff (unit^m^) is an 
effective core area of the optical fiber of the optical 
transmission path, D (unit=.s/m/m) is a chromatic dis- 
persive value of the optical fiber, n^ (unit m^/W) is a 
non-linear refractive index of the optical fiber, c (unit= 
m/s) is a velocity of hght, and to (unit=S) is a full- width 
at half-maximum, and 

optical pulses having pulse waveforms with an equal 
full-width at half-maximum are apphed to the optical 
signals. 

3. The system according to claim 2, wherein a formula, 
£sig-fADMlAB/2, is satisfied. 

wherein fsig (unit-Hz) is an optical frequency of a 
predetermined optical signal for a predetermined chan- 
nel of the multiplexer and demultiplexer, fADM (unit= 
Hz) is a center frequency of transmission band for the 
optical signal of the multiplexer and demultiplexer, and 
AB (unit=Hz) is a 3 dB bandwidth of the transmission 
band. 

4. The system according to claim 2, further comprising 
compensation means, provided in the transmission path 
and/or the reception terminal station, for compensating a 
waveform distortion caused by the optical fiber constituting 
the optical transmission path. 
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5. The system according lo claim 1, wherein said optical 
reception terminal station includes means for reversely 
converting the optical pulses having pulse waveforms with 
an equal full- width at half maximum to original information, 
and 5 

said optical transmission terminal station includes meaxLS 
for converting information supplied from the outside to 
optical pulses having pulse waveforms with an equal 
full-width at half-maximum. 

6. The system according to claim 1, wherein said optical 
pulses having pulse waveforms with an equal full-width at 
half-maximum arc RZ (rctura-to-zcro) format of informa- 
tion supplied from the outside. 

7. The system according to claim 6, further comprising an 
erbium-doped fiber amplifier provided on the optical trans- 
mission path, 

wherein a signal intensity P (unit«W) of a peak in the 
outputs of the optical transmission terminal station and 
the erbium-doped optical fiber amplifier satisfies the 
condition of P<Ps, when Ps (unit«W)=(0,776X^ Aeflf 
D)/(ji^n2Cto^), 

wherein X (unit=m) is a wavelength, Aeff (unit«m^ is an 
efifective core area of the optical fiber of the optical 
transmission path, D (unit>=s/m/m) is a chromatic dis- 
persive value of the optical fiber, (unit m^/W) is a 
non-linear refractive index of the optical fiber, c (unit- 
m/s) is a velocity of light, and to (unit=S) is a full-width 
at half -maximum, and 

optical pulses having pulse wavefr)rms with an equal 
full- width at half-maximum are applied to the optical 
signals. 

8. The system according to claim 6, wherein a formula, 
fsig-£ADM^AB/2, is satisfied, 

wherein fsig (unit=Hz) is an optical frequency of a 
predetermined optical signal for a predetermined chan- 35 
nel of the multiplexer and demultiplexer, fADM (unit=« 
Hz) is a center frequency of transmission band for the 
optical signal of the multiplexer and demultiplexer, and 
AB (unit«Hz) is a 3 dB bandwidth of the transmission 
band. 40 

9. The system according to claim 6, further comprising 
compensation means, provided in the transmission path 
and/or the reception terminal station, for compensating a 
waveform distortion caused by the optical fiber constituting 
the optical transmission path. 45 

10. The system according to claim 6, wherein said optical 
pulses having pulse waveforms with an equal full-width at 
half-maximum are square-wave pulses. 

11. The system according to claim 6, wherein each of said 
optical pulses having pulse waveforms with an equal full- 50 
width at half-maximum has a duty ratio of less than 50%. 

12. A method for transmitting and receiving, over an 
optical transmission path using an optical fiber, wavelength- 
multiplex signals of a plurality of channels to which different 
wavelengths are assigned, 55 

wherein when a plurality of channels in accordance with 
a given wavelength on the optical transmission path is 
demultiplexed and a plurality of channels in accordance 
with a given wavelength is multiplexed, optical puLses 
having pulse waveforms with an equal full-width at 60 
half-maximum are applied to the optical signals. 

13. A method for transmitting and receiving, over an 
optical transmission path using an optical fiber, wavelength- 
multiplex signals of a plurality of channels to which different 
wavelengths are assigned, 65 

wherein when a plurality of channels in accordance with 
a given wavelength on the optical transmission path is 


demultiplexed and a plurality of channels in accordance 
with a given wavelength is multiplexed, and when the 
wavelength-multiplex optical signal transmitted over 
the optical transmission path is amplified by an erbium- 
doped optical fiber amplifier, a signal intensity P (unit= 
W) of a peak in the outputs of the optical transmission 
terminal station and the erbium-doped optical fiber 
amplifier satisfies the condition of P<Ps (unit-W), 
when Ps=(0.776X^ Aeff D)/(:tScto^), 

wherein X (unit=m) is a wavelength, Aeff (unit==m^) is an 
effective core area of the optical fiber of the optical 
transmission path, D (imit=s/m/m) is a chromatic dis- 
persive value of the optical fiber, (unit=m^^) is a 
non-linear refractive index of the optical fiber, c (unit= 
m/s) is a velocity of light, and to (unit«S) is a full- width 
at haff-maximum, and 

optical pulses having pulse waveforms with an equal 
full-width at haff-maximum are applied to the optical 
signals. 

14. A method for transmitting and receiving, over an 
optical transmission path using an optical fiber, wavelength- 
multiplex signals of a plurality of channels to which different 
wavelengths are assigned, 

wherein when the wavelength-multiplex signals transmit- 
ted over the optical transmission path is multiplexed/ 
demultiplexed by a multiplexer/demultiplexer and the 
multiplexed/demultiplexed optical signal is amplified 
by an erbium-doped fiber amplifier, a formula, fsig- 
fADM^AB/2, is satisfied, 

wherein fsig (unit=Hz) is an optical frequency of a 
predetermined optical signal for a predetermined chan- 
nel of the multiplexer and demultiplexer, fADM (unit= 
Hz) is a center frequency of transmission band for the 
optical signal of the multiplexer and demultiplexer, and 
AB (unit=Hz) is a 3 dB bandwidth of the transmission 
band. 

15. A method for transmitting and receiving, over an 
optical transmission path using an optical fiber, wavelength- 
multiplex signals of a plurality of channels lo which different 
wavelengths are assigned, 

wherein when a plurality of channels in accordance with 
a given wavelength 00 the optical transmission path is 
demultiplexed and a plurality of channels in accordance 
with a given wavelength is multiplexed, and when the 
wavelength-multiplex optical signal transmitted over 
the optical transmission path is amplified by an erbium- 
doped optical fiber amplifier, a signal intensity P (unit= 
W) of a peak in the outputs of the optical transmission 
terminal station and the erbium-doped optical fiber 
amplifier satisfies the condition of P<Ps (unit=W), 
when P&=(0.776X^ Aeff DyiTt^n^cto^), 

wherein h (unit-m) is a wavelength, Aeff (unit-m^) is an 
effective core area of the optical fiber of the optical 
transmission path, D (unitos/m/m) is a chromatic dis- 
persive value of the optical fiber, Uj (unit«m^/n) is a 
non-linear refractive index of the optical fiber, c (unit= 
m/s) is a velodty of light, and to (unit=S) is a RZ 
pulses, and 

optica] pulses having an equal fiill -width at haff maximum 
with RZ format of information. 
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16. A method for transmittiDg and receiving, over ao 
optical transmission path using an optical fiber, wavelength- 
multiplex signals of a plurality of channels to which different 
wavelengths arc assigned, 

wherein said optical pulses having pulse waveforms with 
an equal RZ pulses are applied to the optical signals, 
wherein when the wavelength-multiplex signals transmit- 
ted over the optical transmission path is multiplexed/ 
demultiplexed by a multiplexer/demultiplexer and the 
multiplexed/demultiplexed optical signal is amplified 


24 


by an erbium-doped fiber amplifier, a formula, fsig- 
fADM^AB/2, is satisfied, 
wherein fsig (unit=Hz) is an optical frequency of a 
predetermined optical signal for a predetermined chan- 
nel of the multiplexer and demultiplexer, fADM (unit- 
Hz) is a center frequency of transmission band for the 
optical signal of the multiplexer and demultiplexer, and 
AB (unit-Hz) is a 3 dB bandwidth of the transmission 
band. 


11/08/2004, EAST Version: 1.4,1 


